The well-known variation in the reactions to hemorrhage in the tissues is the basis of the study presented in this report, dealing primarily with the changes that occur in the extravasated red blood cells and particularly with the monocytic response. The problems of the fat and iron partides found both in the monocytes and elsewhere in the vicinity of hemorrhage are considered in detail, and the influence of hemorrhage on the new formation of granulation tissue will be mentioned, especially from the standpoint of new capillary formation.
Methods The peritoneal cavity of rabbits was chosen as the site of the injections because of the ease with which cellular reactions may be studied in this locality. The simplicity of the structure of the omentum, composed as it is of a delicate layer of connective tissue covered with a single layer of serosal cells, permits ready observation of the reactions occurring in the foci of undifferentiated connective tissue cells (milk-spots) as well as those of the vascular endothelium. The blood supply to the omentum is not extensive and is confined to a series of radiating vessels which arise at the points of attachment of the omentum and which supply normally only a narrow zone of adjacent omental tissue as they traverse it. This vascular zone usually contains a moderate amount of adipose tissue. Preparations of both the omentum and the peritoneal fluid lend themselves to study by the supravital method; this is valuable in determining the degree of stimulation to functional activity on the part of the phagocytic cells, as well as aiding in the more precise differentiation of cell types. By utilizing this technic in conjunction with fixed, stained preparations, a fairly comprehensive study may be made of the reactions to injected materials.
The reaction of the rabbit peritonreum to injections of homologous citrated blood
Six rabbits were employed in this study. Blood was drawn from the ear vein, sodium citrate was added to prevent clotting, and the mixture was injected into the peritoneal cavity. Each of three rabbits was given a single injection of blood; three were given injections on successive days. The data are presented in Table 1 . Freshly drawn, homologous blood is not a very irritating material when injected into the peritoneal cavity, as was evident in the three animals receiving but a single injection. The peritoneal fluid was not greatly increased, there were relatively few cells, and the omenta showed little evidence of stimulation of the milk-spots. In the peritoneal fluid a few phagocytic cells contained ingested red blood cells, but the majority of the red cells were found floating in the fluid, apparently intact.
In the three animals which received injections for several successive days, there was a more intense reaction, characterized by hyperplasia of the omental milk-spots and by an increase of phagocytic cells in the peritoneal fluid. longer strands had a formed lumen which extended for some dis-tance, while the shorter ones appeared to be solid cords of endothelium. After repeated injections the growth of capillaries was extensive, and the formation of functioning channels gave to the omentum a pink, opaque appearance quite in contrast to its normal pearly translucence. Careful studies of these omenta failed to reveal evidence that the capillary proliferation was a response to demonstrable injury of the tissue. Bacterial infection was ruled out by negative cultures of the peritoneal fluid and by absence of a polymorphonuclear cell reaction. The elasticity of the omenta was not altered; in other animals in which peritonitis had been induced by strong irritants the omentum became exceedingly friable. The capillary proliferation was already marked within three to four days after a single injection, at which time there was very little cellular reaction. This may be considered one of the primary reactions to the presence of blood.
An interesting feature of this new growth of capillaries was noted in the tendency of certain capillaries to grow outward and into nearby milk-spots within which they formed small networks. While at first these strands, which were really end-vessels, could not furnish a milk-spot with a true circulation, it was apparent that further growth and differentiation to form functioning capillaries did occur.
In one or two instances small masses of clotted blood were found within the peritoneal cavity. They were attached to the body wall or to the omentum, and they afforded interesting material for the study of the fat and iron content of the macrophages in intimate contact with them. Preparations cut on the freezing-microtome and stained with Sudan III showed around the clot a rim of cells heavily laden with fat particles. Paraffin-embedded sections showed that these marginal cells were strongly positive for iron.
The changes occurring in blood kept in vitro at 370 C. Observations were made on incubated blood to determine the time required for the development of both fat and iron particles within the mononuclear cells.
Blood was drawn from a rabbit's heart and placed in sterile tubes in an incubator at 370 C. Each day for nine days smears were made and stained, and a 5 cc. portion was injected intraperitoneally into rabbit No. 32.
After incubation for 24 hours the mononuclear cells were seen to contain fat particles which stained with Sudan III. No fat particles were found in the monocytes of freshly drawn blood. On the 5th day of incubation monocytes were seen which contained iron particles. The tinctorial qualities of the red blood cells, as well as their physical integrity, were maintained until the 7th day, after which they became dumped and disintegrated.
The source of the fat particles within the monocytes in this experiment is not specifically indicated; some of the cells contained ingested red blood cells, while others were free from visible phagocytised material. In still others, both fat and iron partides could be seen, indicating that the degradation of the ingested red cells had advanced considerably.
The rabbit which had received 7 daily injections of the incubated blood was examined two days after the last injection. A marked inflammation of the peritoneum was found, with a profuse fibrinopurulent exudate binding together the viscera. The omentum was congested, inflamed, and exceedingly friable. Cultures of the peritoneal fluid for bacteria remained sterile.
A comparison of the cellular reactions induced by the several components of blood In the previous experiments, whole blood with added citrate was injected into the peritoneal cavity for study. In order to determine the nature of the reaction to each of several elements of the blood, these were injected separately.
Blood was drawn from a superficial vein in a dog. A portion of this was allowed to clot, another portion was drawn into chilled paraffin-coated tubes and centrifuged at high speed. From these tubes the plasma was drawn off, and following this the buffy layer of platelets and leukocytes was removed with a spatula, leaving a semisolid mass of red blood cells in the bottom of the tube. One rabbit was injected intraperitoneally with the concentrated red blood cells, a second with the buffy layer, a third with a portion of the whole blood clot. They were examined ten days later.
The rabbit which received the buffy layer of cells showed the least reaction; the cells of the peritoneal fluid were not markedly stimulated and stains for fat and iron were negative.
Macrophages containing both fat and iron particles were seen in abundance in the animals which had been injected either with the centrifuged red cells or with the whole blood clot. The latter provoked a slightly more extensive omental reaction than did the former. It was noted in these animals that the monocytes of the peritoneal fluid were clumped in large syncytial masses, and that the formation of foreign-body giant cells was quite common. This may possibly have been due to the fact that the materials injected were clotted, or to the fact that the blood was from a foreign species.
The effect of hyperlipemia (egg feeding) on the cellular reaction to injected blood It is well known that the rabbit is capable of developing a remarkably high blood cholesterin content when placed on a diet rich in this substance. A convenient method of effecting this hypercholesterinemia consists of the daily feeding of egg-yolk. It was considered of interest to ascertain what effect this procedure might have upon the fat content of the macrophages after intraperitoneal injection of blood.
Four groups of animals were used: Rabbits fed egg-yolk and injected intraperitoneally with blood from a normal rabbit. Rabbits fed egg-yolk and injected with their own blood. Rabbits on a normal diet and injected with their own blood. Rabbits on a normal diet and injected with blood obtained from animals on an egg diet. The rabbits were fed one egg-yolk daily. Injections of from 2 to 4 cc. of the appropriate citrated blood were made daily. Blood cholesterol determinations were made at intervals. The data and results of the experiment are recorded in Table 2 . It will be seen from the table that the entire reaction, involving the number of free cells in the peritoneal fluid and in the omentum, and the vascularization of the milk-spots, was greatly enhanced in animals fed on egg-yolk. The amount of intracellular fat within the macrophages was considerably increased. In animals on a normal diet, but injected with blood derived from egg-fed animals, the reaction was also somewhat enhanced, although it was not so great as in the egg-fed animals.
In a few instances where small clots of blood were found attached to the omentum or to the body wall, the organization of the clots by the ingrowth of capillaries and fibroblasts from the surrounding tissue had advanced considerably.
In animals which had been fed egg-yolk, but which received no injections, the free cells of the peritoneal cavity were devoid of stainable fat and were not increased in number. The omenta of these animals were not stimulated.
It was noted that in this granulation tissue the phagocytes were almost always more heavily laden with fat and iron than were the free macrophages which had attached themselves to the periphery of the clot. This is in keeping with observations made on the reactions to hemorrhage elsewhere in the tissues.
A comparison of the cellular reaction to injected blood wsith that followsing injections of kaolin In order to compare the nature of the cells which are called out in response to an inorganic irritant with those seen after injections of blood, several animals were injected with a 1 per cent suspension of kaolin. Ten successive daily injections resulted in the development of a very marked hemorrhagic peritonitis. The cellular reaction was extraordinarily mixed; many polynuclear cells were present in the fluid and many macrophages were seen with ingested red blood cells. A second series of animals was started, using a single injection of kaolin. The data are presented in Table 3 . It is seen that a single dose of kaolin caused a much greater response than did 8 successive daily injections of 3 cc. of blood. The peritoneal fluid in these kaolin-injected animals was free from blood, and there was no evidence of the hemorrhagic exudate seen in the previous experiment. The cells of the fluid were markedly stimulated, and in many the crystals of kaolin could be made out in smears. These cells were, however, free of fat and iron, as determined by special stains, in contrast to the cells of the bloodinjected animals, which contained both elements.
Discussio-n The reaction of the rabbit peritoneum to repeated injections of citrated homologous blood is similar to that which has been described for a large number of foreign substances. An initial and transitory polymorphonuclear cell reaction is followed by a more prolonged mononuclear cell response. This is demonstrable in the free cells of the fluid and in the hyperplastic milk-spots of the omentum. The degree of irritation produced by injected blood is not great and repeated injections are necessary to induce a relatively moderate response. The stimulation of the omental capillaries to form a new vascular network is remarkable, since it is one of the early reactions and occurs without demonstrable evidence of injury to the tissue of the omentum.
It is evident from the data that the development of fat particles within the cytoplasm of the macrophages is dependent upon more than a single set of conditions. In those cells surrounding small clots of blood, the cytoplasm was loaded with fat; this suggests that the fat was derived, by ingestion, from the materials of the clot. The mononuclear cells are well known to be omnivorous and ingestion of fatty materials by them is commonplace. On the other hand, in the animals rendered hyperlipemic by egg feeding, the cells of the peritoneal fluid, of the omentum, as well as such cells as were gathered around blood clots, were heavily laden with fat. This indicates that the fluid environment of the cells contributed to their fat content, since the phenomenon was generalized. It is apparently dependent also upon the functional state of the cells, since the animals on an egg diet, but not injected, showed a normal peritoneal fluid with no stimulated monocytes or cells containing fat particles.
In the final experiment with kaolin, it was demonstrated that mononuclear cells, when actively functioning in the phagocytosis of inorganic materials, may contain no fat particles, while when they are ingesting and degrading red blood cells both fat and iron partides appear within them. This complements the observations made on the cells adjacent to blood clots, and indicates that at least a portion of the fat of these cells may be derived directly from the fat content of the ingested red blood corpuscles.
The effect of the egg feeding upon the quantitative increase in the degree of response to injected materials is noteworthy, although no explanation is at hand. The effect was in a sense not unlike an increase in potential, in which the static state of the animal was apparendy unchanged, but in which a much more forcible reaction was -produced by a given stimulus.
